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Abstract 
Purpose/aim: Myopia incidence is increasing around the world. Myopisation is considered to 
be caused by a variety of factors. One consideration is whether higher-order aberrations 
(HOA) influence myopisation. More knowledge of optics in anisometropic eyes might give 
further insight into the development of refractive error. 
Materials and methods: To analyse the possible influence of HOA on refractive error 
development, we compared HOA between anisometropes and isometropes. We analysed 
HOA up to the 4th order for both eyes of 20 anisometropes (mean age: 43 ± 17 years) and 20 
isometropes (mean age: 33 ±17 years). HOA were measured with the Shack-Hartman 
i.Profiler (Carl Zeiss, Germany) and were recalculated for a 4 mm pupil. Mean spherical 
equivalent (MSE) was based on the subjective refraction. Anisometropia was defined as ≥1D 
interocular difference in MSE. The mean absolute differences between right and left eyes in 
spherical equivalent were 0.28 ± 0.21 D in the isometropic group and 2.81 ± 2.04 D in the 
anisometropic group. Interocular differences in HOA were compared with the interocular 
difference in MSE using correlations.  
Results: For isometropes oblique trefoil, vertical coma, horizontal coma and spherical 
aberration showed significant correlations between the two eyes. In anisometropes all 
analysed higher-order aberrations correlated significantly between the two eyes except 
oblique secondary astigmatism and secondary astigmatism. When analysing anisometropes 
and isometropes separately, no significant correlations were found between interocular 
differences of higher-order aberrations and MSE. For isometropes and anisometropes 
combined, tetrafoil correlated significantly with MSE in left eyes.  
Conclusions: The present study could not show that interocular differences of higher-order 
aberrations increase with increasing interocular difference in MSE. 
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Introduction 
In the area of myopia research, it has been hypothesised that monochromatic higher-order 
aberrations might have an influence on myopia development and progression,1-3, see for 
example 4. Several studies have analysed the relation between higher-order aberrations and 
myopia with equivocal results. Whereas some studies found no increase in higher-order 
aberrations in myopes,5-7 other studies found a mild increase.8, 9 One study showed greater 
higher-order aberrations for hyperopes than for myopes.10 Another study found no effect for 
root-mean-square higher-order aberrations, but for fourth order root-mean-square higher-
order aberrations and spherical aberration they showed a decrease with increasing myopia.11 
Variations in higher-order aberrations can affect accommodative responses.12 The link 
between accommodation and emmetropisation is not clear (see 13 for review), but the link 
between higher-order aberrations and accommodation provides support that higher-order 
aberrations may affect emmetropisation and therefore play a role in refractive error 
development. 
To find more details about the possible link between higher-order aberrations and refractive 
error, it would be interesting to analyse the distribution of higher-order aberrations in the 
special case of anisometropia. However, presence of such a link would not necessarily 
confirm a cause and effect relationship between higher-order aberrations and the 
development of refractive error. Anisometropia is usually defined clinically as a difference 
of refractive error between both eyes of at least 1 dioptre.14-16 It is an interesting area for 
research, because the development of refractive error differs between the eyes although both 
eyes are exposed to the same environmental conditions. A few studies on anisometropes 
have been conducted that have been aimed to study the genetic influence on myopia 
development and rule out the influence of environmental factors (see 17 for review). 
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However, a difference in refractive error between the two eyes does not prove that the 
environmental factors do not play a role in refractive error development.  
Studying ocular aberrations in anisometropia might provide evidence for the role of higher-
order aberrations in myopia development. If higher-order aberrations increase with 
increasing anisometropia, for example elevated higher-order aberrations in the eye further 
away from emmetropia, this may indicate the involvement of higher-order aberrations in 
refractive error development. Kwan et al.11 studied the link between anisometropia and 
higher-order aberrations by examining 26 Chinese participants with anisometropia of 2 
dioptres or more and found that the more myopic eyes had lower levels of higher-order 
aberrations than their fellow eyes, particularly for spherical aberration (+0.088±0.055 m vs. 
+0.108±0.062 m for 5 mm pupils). Haddad et al.18 compared higher-order aberrations in 
terms of root-mean-square (3rd and 5th aberrations) between eyes in a group of participants 
with anisometropia of 2 dioptres or more and did not find a significant difference between 
eyes for 5 mm pupils. Contrary to Kwan et al,11 they found that spherical aberration was 
higher in the more myopic eyes than in the fellow eyes (mean 0.13 m vs. 0.10 m, 5 mm 
pupils). As they analysed anisometropes only, a comparison to isometropic data was not 
possible. Neither Kwan et al.11  nor Haddad et al.18 assessed changes in higher-order 
aberrations as a function of the magnitude of anisometropia. Vincent el al. did not find 
interocular differences for root-mean-square higher-order aberrations or any higher-order 
aberration coefficients between the more and less myopic eyes of myopic anisometropes,19 
but found significant correlations between spherical aberration differences and the refraction 
differences of the two eyes of amblyopes.20 
In the present work we assess the relationship between higher-order aberrations and 
refractive error in isometropes and anisometropes.  
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Methods 
Retrospective analysis of higher-order aberration (HOA) data was based on measurements 
conducted with the i.Profiler (Zeiss, Aalen, Gemany) on patients from a private optometric 
practice in Heikendorf, Germany. There were forty subjects, 13 male and 27 female. The age 
of the subjects ranged between 11 and 73 years (mean ± standard deviation (SD): 38 ± 18 
years; median: 35 years). The group included 20 isometropes and 20 anisometropes 
(difference in spherical equivalent between right and left eye of 1.0 D or more). The mean 
age ± SD was 33 ± 17 years in the isometropic group and 43 ± 17 years in the anisometropic 
group. All subjects were free of ocular pathology and achieved visual acuity of 6/8 or better 
when corrected. None had amblyopia or strabismus. Spherical equivalent corrections for 
right eyes were –10.25 D to +2.50 D (mean ± SD: –2.06 ± 2.71 D; median: –1.31 D) and for 
left eyes were –8.88 D to +8.00 D (mean ± SD: –1.43 ± 3.06 D; median: –1.56 D). The mean 
absolute differences between right and left eyes in spherical equivalent were 0.28 ± 0.21 D 
in the isometropic group and 2.81 ± 2.04 D in the anisometropic group. In all cases, cylinder 
was less than 2.25 D. The mean absolute difference in cylinder between eyes was 0.41 ± 
0.41 D. In all cases the difference in cylinder between the two eyes was less than 1.25 D.  
After an approximate manual alignment, the i.Profiler performed the measurements 
automatically. The process involved improvement of the alignment and correcting most of 
the eye’s defocus for the measurement. Five consecutive measurements were taken. The 
i.Profiler changed to the contra lateral eye and took five readings again. Results (mean of 
five readings) were entered into Excel spreadsheets (Microsoft, Redmond, WA, USA). The 
i.Profiler provides higher-order aberrations in terms of magnitude and axis as described by 
Campbell,21 and results were converted into the OSA standard.22, 23 All data were scaled to a 
4 mm pupil using a Matlab (The Mathworks Inc., Natick, MA, USA) program.24 Before 
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recalculation, mean pupil diameters were 5.1 ± 0.8 mm (range 4.0 mm to 7.2 mm) for right 
eyes and 5.1 ± 0.8 mm (range 4.0 to 6.8 mm) for left eyes. Higher-order aberrations up to the 
fourth order were analysed. To take the nasal-temporal asymmetry of right and left eyes into 
account, the signs of the left eye coefficients were altered for Zernike polynomials with 
either negative, even m indices or with positive, odd m indices.23 
Spherical equivalent refraction was based on subjective refraction obtaining “maximum 
plus” giving best visual acuity, and performed to a precision of ±0.25 DS and ±0.25 DC. The 
cylindrical component was found using the cross-cylinder technique. The duochrome test 
was used to check the spherical component. Spherical equivalent (SE) was calculated by 
adding half the cylinder to the spherical component. 
SPSS 16.0 (SPSS Inc., Chicago, IL, USA) was used for statistical analysis. Pearson 
correlations were used to compare various parameters. The statistical significance level was 
set to p < 0.05. 
Differences between right and left eyes for spherical equivalent and higher-order aberrations 
were given by subtracting left eye data from right eye data. 
 
Results 
For combined isometropes and anisometropes, we analysed whether the higher-order 
coefficients are linked to the spherical equivalent refractive error. For right eyes, there were 
no significant correlations. For left eyes, there was a significant correlation only for tetrafoil 
(r = 0.38, p = 0.02). Figure 1 shows results for spherical aberration. HO RMS was not 
correlated significantly to spherical equivalent in either eye. 
 
Figure 1 about here 
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Table 1 shows correlations between right and left eyes for each of the higher-order 
aberrations including higher-order root mean square (HO RMS). For isometropes, only four 
of the nine higher-order aberrations assessed (oblique trefoil, vertical coma, horizontal coma 
and spherical aberration) showed significant correlations. However, for the anisometropes 
seven higher-order aberrations showed significant correlations, the exceptions being oblique 
tetrafoil and secondary astigmatism. Six of these correlations were positive, but that for 
oblique secondary astigmatism was negative. The correlations for HO RMS were significant 
and similar for the groups. 
When higher-order aberration and HO RMS interocular differences were correlated with 
spherical equivalent interocular differences, no significant correlations were found for either 
isometropes or anisometropes.  
 
Table 1 about here 
 
 
The interocular differences of aberration coefficients and  HO RMS were compared with the 
interocular differences in spherical equivalent in the whole study group. Significant 
correlations were found only for vertical coma (r = –0.31, p = 0.04) and tetrafoil (r = +0.33, 
p = 0.04). 
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Discussion 
This study investigated the relationship between higher-order aberrations and refractive error 
in anisometropia. The interocular correlations are similar in isometropes and anisometropes 
for most aberrations. The interocular differences in higher-order aberrations were not linked 
to interocular differences in spherical equivalent refraction in either isometropic or 
anisometropic groups.  
The role of spherical aberration in myopisation has been considered important based on 
some theoretical calculations.12 Some studies found higher spherical aberration in myopic 
eyes than in emmetropic eyes8, 9 but other studies did not find this.1, 5, 11, 25, 26 One of the 
former groups9 measured aberrations through correcting ophthalmic lenses, which causes 
overestimation of aberrations for a particular pupil size in myopes.26  
Higher-order aberrations change with age 27, see 28 for review, and a limitation of this study 
was that we did not have age matched groups. However, there is evidence that anisometropia 
is not affected by age.29 Furthermore, we analysed differences between eyes and therefore 
we do not expect an effect of age on our results. 
Comparing our results to other studies reveals similarities. Kwan et al.11 correlated higher-
order aberrations between right and left eyes in anisometropia, and the correlation 
coefficients are of similar magnitude and sign to those found by us, except for oblique 
secondary astigmatism (compare Table 2 with Table 1). A high correlation coefficient for 
several aberration coefficients, including that of spherical aberration, has been found in 
several studies as well as our own.7, 11, 30 
 
Table 2 about here 
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The present study has some limitations. For future projects a prospective study is suggested 
that also incorporates corneal aberrations and axial length. Additionally, it would be 
worthwhile to monitor longitudinal changes in higher-order aberrations and refractive error. 
In conclusion, our study did not provide evidence that the interocular difference of higher-
order aberrations increases with increasing anisometropia.  
 
Acknowledgement 
The authors thank Ronja Franz for assisting in identifying anisometropia cases from an 
Optometry practice database. 
 
Declaration of interest 
The authors have no conflicts of interest. The authors alone are responsible for the content 
and writing of the paper. 
 
References 
1. Collins MJ, Wildsoet CF & Atchison DA. Monochromatic aberrations and myopia. 
Vision Res. 1995;35:1157-63. 
2. Charman WN. Aberrations and myopia. Ophthalmic Physiol Opt. 2005;25:285-301. 
3. Mathur A, Atchison DA & Charman WN. Myopia and peripheral ocular aberrations. 
J Vis. 2009;9:15 1-12. 
4. Atchison DA, Pritchard N & Schmid KL. Peripheral refraction along the horizontal 
and vertical visual fields in myopia. Vision Res. 2006;46:1450-8. 
5. Carkeet A, Luo HD, Tong L, Saw SM & Tan DT. Refractive error and 
monochromatic aberrations in Singaporean children. Vision Res. 2002;42:1809-24. 
6. Cheng X, Bradley A, Hong X & Thibos LN. Relationship between refractive error 
and monochromatic aberrations of the eye. Optom Vis Sci. 2003;80:43-9. 
7. Porter J, Guirao A, Cox IG & Williams DR. Monochromatic aberrations of the 
human eye in a large population. J Opt Soc Am A. 2001;18:1793-803. 
8. He JC, Sun P, Held R, et al. Wavefront aberrations in eyes of emmetropic and 
moderately myopic school children and young adults. Vision Res. 2002;42:1063-70. 
9. Paquin MP, Hamam H & Simonet P. Objective measurement of optical aberrations in 
myopic eyes. Optom Vis Sci. 2002;79:285-91. 
11 
10. Llorente L, Barbero S, Cano D, Dorronsoro C & Marcos S. Myopic versus hyperopic 
eyes: axial length, corneal shape and optical aberrations. J Vis. 2004;4:288-98. 
11. Kwan WC, Yip SP & Yap MK. Monochromatic aberrations of the human eye and 
myopia. Clin Exp Optom. 2009;92:304-12. 
12. Wilson BJ, Decker KE & Roorda A. Monochromatic aberrations provide an odd-
error cue to focus direction. J Opt Soc Am A. 2002;19:833-9. 
13. Charman WN. Keeping the world in focus: how might this be achieved? Optom Vis 
Sci. 2011;88:373-6. 
14. Robaei D, Rose KA, Ojaimi E, et al. Causes and associations of amblyopia in a 
population-based sample of 6-year-old Australian children. Arch Ophthalmol. 2006;124:878-
84. 
15. Weale RA. Epidemiology of refractive errors and presbyopia. Surv Ophthalmol. 
2003;48:515-43. 
16. Dadeya S, Kamlesh & Shibal F. The effect of anisometropia on binocular visual 
function. Indian J Ophthalmol. 2001;49:261-3. 
17. Young TL. Molecular genetics of human myopia: an update. Optom Vis Sci. 
2009;86:E8-E22. 
18. Haddad NMN, Saad A, Landoulsi H & Gatinel D. Monochromatic optical aberrations 
in myopic and astigmatic anisometropia.  ARVO. Ft. Lauderdale, FL, USA: Invest 
Ophthalmol Vis Sci 2011;52: E-Abstract 2808. 
19. Vincent SJ, Collins MJ, Read SA, Carney LG & Yap MKH. Interocular Symmetry in 
Myopic Anisometropia. Optom Vis Sci. 2011;88:1454-62. 
20. Vincent SJ, Collins MJ, Read SA & Carney LG. Monocular amblyopia and higher 
order aberrations. Vision Res. 2012;66C:39-48. 
21. Campbell CE. A new method for describing the aberrations of the eye using Zernike 
polynomials. Optom Vis Sci. 2003;80:79-83. 
22. ANSI. American National Standards Institute. American National Standard for 
Ophthalmics-Methods for reporting optical aberrations of the eye. ANSI Z80.28-2004 
23. ISO. International Organisation for Standardization. Ophthalmic optics and 
instruments-Reporting aberrations of the human eye. ISO 24157:2008 
24. Lundström L & Unsbo P. Transformation of Zernike coefficients: scaled, translated, 
and rotated wavefronts with circular and elliptical pupils. J Opt Soc Am A Opt Image Sci 
Vis. 2007;24:569-77. 
25. McLellan JS, Marcos S & Burns SA. Age-related changes in monochromatic wave 
aberrations of the human eye. Invest Ophthalmol Vis Sci. 2001;42:1390-5. 
26. Atchison DA, Schmid KL & Pritchard N. Neural and optical limits to visual 
performance in myopia. Vision Res. 2006;46:3707-22. 
27. Artal P, Berrio E, Guirao A & Piers P. Contribution of the cornea and internal 
surfaces to the change of ocular aberrations with age. J Opt Soc Am A. 2002;19:137-43. 
28. Atchison DA. Recent advances in measurement of monochromatic aberrations of 
human eyes. Clin Exp Optom. 2005;88:5-27. 
29. Czepita D, Goslawski W & Mojsa A. [Occurrence of anisometropia among students 
ranging from 6 to 18 years of age]. Klin Oczna. 2005;107:297-9. 
30. Castejón-Mochón JF, López-Gil N, Benito A & Artal P. Ocular wave-front 
aberration statistics in a normal young population. Vision Res. 2002;42:1611-7. 
 
12 
Figure caption: 
 
Figure 1: Spherical aberration coefficient versus spherical equivalent (SE) of the total study 
group for (A) right eyes and (B) left eyes. The lines show the non-significant linear 
fits (R r = 0.27, p = 0.10; L r = 0.31, p 0.05). 
 
 
 
 
Table caption: 
Table 1: Correlations between higher-order aberrations in right and left eyes, separately for 
isometropes and anisometropes. Significant p-values are shown in italics. 
 
Table 2: Comparison of correlations coefficients between right and left eyes in higher-order 
aberrations in anisometropes in the study of Kwan et al.19 Some coefficient signs 
have been changed to allow for mirror symmetry between the eyes (horizontal coma, 
trefoil, oblique tetrafoil and oblique secondary astigmatism). Significant p values are 
shown in italics. 
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Table 1: 
 Isometropes Anisometropes 
HOA coefficient Correlation 
coefficient (r) 
p-value Correlation 
coefficient (r) 
p-value 
Oblique Trefoil +0.60 < 0.01 +0.55 0.01 
Vertical Coma +0.81 < 0.01 +0.74 <0.01 
Horizontal Coma +0.53 0.02 +0.76 <0.01 
Trefoil +0.30 0.20 +0.58 <0.01 
Oblique Tetrafoil –0.20 0.41 –0.32 0.17 
Oblique secondary 
Astigmatism 
–0.26 0.26 –0.56 0.01 
Spherical Aberration +0.86 < 0.01 +0.83 <0.01 
Secondary Astigmatism –0.34 0.14 +0.45 0.05 
Tetrafoil +0.20 0.40 +0.49 0.03 
HO RMS +0.68 < 0.01 +0.67 < 0.01 
Table 2: 
HOA coefficient Correlation 
coefficient 
p-value 
Oblique Trefoil +0.46 0.02 
Vertical Coma +0.74 < 0.001 
Horizontal Coma +0.68 < 0.001 
Trefoil +0.75 < 0.001 
Oblique Tetrafoil +0.08 0.72 
Oblique 
secondary 
Astigmatism 
+0.09 0.67 
Spherical 
Aberration +0.90 < 0.001 
Secondary 
Astigmatism +0.39 0.05 
Tetrafoil +0.33 0.01 
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